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Abstract 
As the global container traffic continuously rises, container terminals are eager to improve their operation.  To increase the 
efficiency and the service level of the landside containers’ pick-up operation, improving the yard cranes’ coordination schemes 
can be an option.  In this study, we propose three schemes, (i.e. the market-based scheme, the zonal 1-1 scheme, and the zonal 
scheme 1-2 scheme) for coordinating multiple Rubber-Tyred Gantry (RTG) yard cranes. Using agent based simulation, we 
evaluate the performance of the proposed coordination alternatives by assessing the trucks’ waiting time, the RTGs’ utilization, 
and the RTGs’ fuel consumption values.  
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1. Introduction 
Since five decades ago, worldwide containerization continuously rises. Increasing global trade activities has 
stimulated the growth of overseas commodity traffic. More containers have to be served within shorter period. In 
response, container terminals are in the pressure to extend their operational capacity. Providing the best service level 
is the key for the terminal’s competitive advantage. 
 
 
* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 . 
E-mail address: a.rizaldi@iclov.org 
 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer review under responsibility of the organizing committee of the Industrial Engineering and Service Science 2015 (IESS 2015)
125 Ardian Rizaldi et al. /  Procedia Manufacturing  4 ( 2015 )  124 – 132 
This study focuses on the often overlooked landside pick-up operation. The terminal’s operation section is 
subject to high and volatile service demand from the drayage transportation providers. Despite its lack of research 
exposure compared to the seaside operation, the landside operation’s performance is an important element that 
builds the container intermodal logistics service as a whole. Thus, as a component of a bigger supply chain 
network’s survivability and competitiveness, container terminals cannot omit the importance of the landside 
operation [1]. 
The landside operation is notorious for a number of negative issues such as air pollution, congestions, and 
capacity balancing issues. During the peak period, queuing heavy duty drayage trucks waiting at front of the 
terminal’s gate make the situation even worst. At these periods, the truck turn time is increasing. Truck turn time is 
the time to be taken to complete a transaction (pick up or drop off container) at container yards[1]. To shorten this 
truck turn time increasing the terminal’s service rate is an urgency. Some terminals opt for adding more yard cranes 
as a natural solution. Despite the appealing option, the initial investment, maintenance and operating cost 
considerations are challenging. Each yard crane (RTG crane) can cost more than US$900,000. Moreover, periodic 
maintenance and constant fuel consumption are some of the requirements that have to be spent. In addition, there is 
also a risk of having chaotic incident due to uncoordinated cranes operation. 
To mitigate and minimize the high cost and risk while maximizing the service level, we aim to select the best 
option from a number of operational scenarios of an RTG based container terminal. Each scenario defines the 
number cranes used and the coordination scheme to them. To conduct the study we opt for conducting agent-based 
simulation approach. The remaining parts of the paper will be presented as follows: the following section will 
discuss about the related literature. Then, problem and model are described and the explanation on the 
implementation of the agent-based model will be narrated. Finally, we will present the simulation results and the 
conclusion. 
2. Research background 
Research in the operation of container terminals' has been an attractive yet very mature research field [2]. Large 
part of the existing research artifacts have used operation research based approach in tackling myriad problem 
spectrums [3]. On the other side, agent-based approach has emerged as a novel approach which offers alternative 
decentralized approach in tackling many issues in the transport and logistics context [4] in general. In the container 
terminal field, Henesey [5] is known as one of the firsts in exploring an agent based solution to numerous container 
terminal’s issues. Many of his and some of early researchers’ studies[6], [7] however, had presented solutions at the 
conceptual model level only. Some of the agent-based approach studies were reporting the development of the 
simulation engines for simulating the container terminal operation [8][9]. 
This study focuses on the container terminal's landside operation. One of the earliest agent-based model that was 
developed for this context were the one of Vidal and Huynh [10]. They developed a NetLogo [11] based yard crane 
simulation, to define the best yard crane operation strategy (e.g. distance-based, time-based, and time-and-distance-
based strategy) and treat the truck turn-around time parameter to evaluate the best strategy. Wasesa et.al. [1] 
extended the model [10] to evaluate the improvement attempt on the operation synchronization between the truck 
drayage operators and the container terminals and introduced processing-time-based yard cranes strategy which aim 
to minimize the yard cranes inefficiencies in terms of the reshuffling frequency.  Other study focuses on the 
objective of reducing the congestion at the container terminal’s gate using the el-farol model [12]. 
This study extend the model of Vidal and Huynh [10] and Wasesa et al.[1]. Using the same NetLogo simulation 
platform, this study focuses on the coordination schemes of the RTG cranes. This study is different with the 
previous studies [1], [10] where the yard cranes (RTG) were operating autonomously without any communication 
and coordination. The introduction of the RTGs’ fuel consumption parameter as an assessment criterion is also a 
novel aspect that was not present before. The introduction is in line with the objective to reduce the emission level 
around the container terminal parameter and the in line with the objective of creating a greener logistics operation. 
 
126   Ardian Rizaldi et al. /  Procedia Manufacturing  4 ( 2015 )  124 – 132 
3. Problem description 
For the container terminal’s landside operation, a number of large terminals utilize use Rubber-Tyred Gantry 
(RTG) cranes to serve their yard field operation. This RTG cranes are normally controlled by human operators who 
have the autonomy to make decision on which truck will be served first. The operators can flexibly choose the truck 
service sequence based on their heuristics e.g. the trucks distance, truck's waiting time minimization. This method 
has its limitation as human has her cognitive limitation in monitoring large area. In response, automated systems can 
be present as a solution. By using connected sensors, the system can increase the ability to monitor all terminals' 
activity accurately. With an addition of a processor and automated actuators, the RTGs can even drive itself to the 
predefined area and act as a fully automated agents [13]. 
However, container yard that is inhabited by fully automated agents can have several challenges. As shown in 
previous studies [1], [10], when multiple automated cranes work together, the possibility of having cranes collisions 
due to the aim of same target is considerable. The incident can trigger major disruptions to the terminal’s overall 
operation. Thus, to operate an operation area using multiple automated cranes, a proper coordination schemes is 
highly required. In response this study focuses on generating and assessing the best cranes coordination schemes 
using the truck turn-around time and the cranes fuel consumption as the evaluation criteria. 
4. The Agent-based simulation setup  
 In this study, we extend the agent-based container terminal simulation model of Vidal and Huynh [1]. 
Thus, the terminal's yard is modelled as a 2-dimensional grid which each cell represents as a container. The yard 
contains 4 blocks, each block contains 40 bays and each bay has 6 rows which can be stacked up to 4 stages. The 
cranes run through specific path and this path connects all the areas in all 4 blocks. At the simulation initiation, 
randomly-placed containers are distributed evenly on the yard (Fig. 1). 
As the simulation runs, the trucks arrival is generated according to the specified random Poisson distribution's 
probability and each truck is assigned to a random container. A thousand containers are generated continuously at 2 
hour intervals (7200 ticks) to maintain the containers' buffer level at 1000. The set up[1] is more realistic than the 
Vidal and Huynh's approach which does not consider any containers replenishment process. The cranes are 
represented by colored arrow-shape objects. The cranes move on the gray lanes track. We align the movement of the 
RTG cranes using real empirical data. A typical RTG crane has 135 meter per minute gantry speed; 6 seconds are 
consumed to pass one block of container bay. To move container within the same stack the crane takes 40 seconds 
and the cranes require 87 seconds to pass the container from the stack to a drayage truck. 
Each crane is embedded with three functions, i.e. (1) the goal function, (2) the fuel status function, and (3) the re-
fueling function. The crane is set as utility-maximizing agent that constantly re-evaluates its order picking utility 
function. For this study, we adopt the processing-time-based utility function introduced by Wasesa, et al. [1]. The 
utility function is used for selecting the best truck to serve. With this utility function, the further a truck’s location 
form a crane and the more reshuffle processes it needs the lower its utility and thus it will receive the lowest service 
priority. 
We assume that the cranes are initially fully tanked with 1000 liters fuel. The fuel consumption depends on the 
 
Fig. 1. Container Terminal Yard Agent-Based Model [10]. 
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crane’s movement. We model the cranes as 50kW diesel powered cranes with the fuel consumption of 120 liters per 
hour and with average velocity of 135 m per minute. Thus, every 1 block move consumes 0.015 L per meter. 
Assuming the length of a bay equals 40 ft long container, to move one block forward in this model the crane spends 
approximately 0.18 L per block. For this study, we only consider the gantry motion in measuring the cranes’ fuel 
consumption. The fuel consumption pseudo code is embedded in each of the crane’s moving step as stated below: 
1. to go-to-position 
2.  ask cranes to move 
3.  forward + 1 
4.  if fuel >= 5 [ 
5.   fuel = fuel – 0.18 
6.  ] 
7.  else [ 
8.   refuel = true 
9.   stop 
10.   refuel-function 
11.  ] 
12. end 
Algorithm 1. The Crane’s Fuel Consumption Function. 
With the aforementioned code, the crane shall spend 0.18 liters of fuel when moving forward. The code will 
remain active until the remaining fuel reaches 5 liters. As the limit is reached, variable “refuel” will change from 
false to true which force the crane to execute the refueling process. The crane cannot move during the refueling 
process. Only when the crane is fully tanked, the crane can go into operation again. The algorithm of the refueling-
function is as follows: 
1. to refuel-function 
2.  if refuel = true [ 
3.   fuel = fuel + 0.1 
4.  ] 
5.  if fuel >= 1000 [ 
6.   refuel = false 
7.   stop 
8.  ] 
9. end 
Algorithm 2. The Crane’s Re-fueling Function. 
Coordination scheme governs the task division among the working cranes' in serving the upcoming service 
requests from the trucks. The schemes ensure that not more than one crane is responsible for serving a specific 
service request. In this study we propose three new coordination-schemes (i.e. the market-based, the zonal 1-1, and 
the zonal 1-2 schemes) and treat the uncoordinated cranes mode as a proxy for benchmark analysis. 
 
 
 
Table 1. The Coordination Schemes Proposal. 
ID Coordination Evaluation Details 
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Scheme Function 
1 Uncoordinated Inactive All 4 cranes can freely serve any trucks. There is a probability that one truck is aimed by 
more than one crane. 
2 Market-based 
(Coordinated) 
Active The cranes coordinate their goal. So, miss coordination is hardly ever happened because of 
evaluation function and penalty on its utility calculation. 
3 Zonal 1 on 1 Inactive Each crane is responsible for the trucks service within a specific block. 
4 Zonal 1 on 2 Active Each crane is responsible for the service of two blocks. There will be an intersection zone 
among the cranes. 
 
In each of the proposed coordination scheme, each of the four cranes will aim to serve trucks with the shortest 
processing time.  Meanwhile in the uncoordinated scheme, the cranes choose their goal randomly which MAY lead 
to inefficiencies, i.e. multiple cranes aiming for serving the same truck. The crane that comes to the truck earlier will 
serve the request while the remainder will update their goal and search for another truck. In the market-based 
(coordinated) scheme, we add an evaluation function that enables the cranes to revise and update their goal 
whenever a truck which offers higher utility function. The utility function is governed by the reshuffling and the 
penalty time (if there is other crane in path) variable, etc. (see Algorithm 3). So, no crane will after for the same 
truck. 
In the zonal 1 on 1 coordination scheme, each crane will serve the trucks that request a service within the crane’s 
territory, i.e. block. Each crane will be responsible for serving one block and will not serve any request from other 
blocks. In this manner, an evaluation function is not needed because the cranes will not go out of its territory. In the 
zonal 1 on 2 scheme, each crane will serve the trucks within two blocks territory. For example, crane 1 will serve 
requests from block 1 and 2. Each crane’s coverage area will be wider than zonal 1 on 1 scheme. However, there 
will be an intersection between the cranes’ territories. To reduce the possibility of having multiple cranes chasing for 
the same truck, we embed a utility function to the cranes (see Algorithm 3). 
 
1. to goal-function 
2.  ask cranes to choose goal 
3.  set current-crane-utility 
4.  set previous-crane-utility 
5.  ;set up evaluation function 
6.  if current-crane-utility> previous-crane-utility [ 
7.   ask chosen truck [ 
8.    my-crane = current-crane ] 
9.   ask previous-crane [ 
10.    my-goal = [] ] 
11.  ] 
12.  else [ 
13.   ask chosen-truck [ 
14.    my-crane = previous-crane ] 
15.   ask current-crane [ 
16.    my-goal = [] ] 
17.  ] 
18. End 
Algorithm 3. The Crane Assignment Utility Function. 
5. Simulation parameterization 
In total, we run 8 simulations whereas each scenario (see Table 1) undergoes two different settings. Each 
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simulation run for 172,800 ticks which simulate 48 hours real life condition. The truck arrival setting is fixed at 0.75 
truck/minute. At the first setting, we test the maximum endurance of each crane by initially fully tanked each crane 
with its maximum capacity 1000 liters /crane and further on no re-fueling process is allowed during the simulation 
period. In this sense, the crane can stop suddenly due to out of gas condition. The second setting focuses on the 
impact of applying the predefined coordination schemes to their service level. At the second setting, the re-fueling 
procedure is applied whenever the crane’s fuel level reach its minimum fuel level. 
6. Result and discussion 
Table 2. The Truck Turn-around Time Performance. 
 Coordination Schemes 
In minutes Uncoordinated Market-based Zonal (1 – 1) Zonal (1 – 2) 
Average  11.81 9.62 5.22 11.92 
Standard Deviation 99.03 225.13 46.47 603.43 
 
As mentioned before, two key performances were selected to assess the coordination schemes, i.e. the truck turn-
around time (the service level) and the crane's fuel consumption. The truck turn-around time measurement starts 
when the truck enter the container area’s entrance gate and ends when it leaves the terminal. The magnitude of the 
truck turn-around time also reflects the truck’s waiting time before receiving the service. Table 2 shows the 
performance of each coordination scheme’s truck’s turn-around time. As shown, the zonal 1 on 1 coordination 
scheme can provide the shortest truck turn-around time. The market-based, zonal 1 on 2, and uncoordinated 
coordination schemes are ranked as the second, third, and the last in providing the best pick up performance in terms 
of the trucks’ turn-around time. 
To investigate the performance of each coordination scheme In Fig. 2, we show the boxplot of the service 
performance of each scenario. As shown by the standard deviation Figures in Table 2, we admit that the spread of 
service is still high. This means that the model still requires further fine tuning to be able to perform a more 
consistent service performance. At its current state, the zonal 1 on 1 coordination scheme’s service is still the most 
consistent.  
 
Fig. 2. The Truck Turn-around Time Performance. 
The application of the zonal coordination schemes also perform superbly in term of the fuel consumption 
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efficiency. As shown in Fig. 3 and Fig. 4, both the zonal 1 on 1 and the zonal 1 in 2 coordination schemes has the 
lowest fuel consumption. The zonal coordination schemes are 150 – 200% more fuel efficient than the 
uncoordinated scheme benchmark which then lead to more cranes endurance for the automated terminal which 
apply the zonal coordination schemes. To serve one truck, the uncoordinated scheme cranes consume up to more 
than 15 liters (i.e. each crane consumes approximately 4 liters). The frequent occurrences in having more than one 
crane chasing the same order is the root cause of the inefficiency. This is in contrast with the zonal coordination 
scheme which can boost each crane consumption up to only 2 liters in serving one request. 
 
 
Fig. 3. The performance of all cranes’ fuel consumption (4 cranes) 
Based on the simulation results, the zonal 1 in 1 coordination scheme has the best overall performance. For the 
container terminal simulation setup with the size of 4 blocks – 40 bays – 6 rows terminal size, one autonomous 
crane can be assigned to one yard block with the size of 40 bays – 6 rows in an effective manner. Out of all 
proposed schemes, the zonal 1 in 1 coordination scheme can shorten the truck turn-around time up to 5.22 minutes 
per-truck and can shorten the RTG fuel consumption up to 2 liters per a service request fulfilment. 
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7. Conclusion 
To increase the efficiency and the service level of the container terminal’s landside yard operation, we have 
proposed and evaluated three agent-based alternatives (i.e. the market-based scheme, the zonal 1-1 scheme, and the 
zonal scheme 1-2 scheme) for coordinating multiple Rubber-Tyred Gantry (RTG) yard cranes. The study extend the 
former study by Vidal and Huynh [10] and Wasesa et al.[1], by presenting the coordinated schemes and a new fuel 
consumption evaluation metric which were not exist before. This study shows that the zonal 1 in 1 coordination 
scheme has the best overall performance. Out of all proposed schemes, the zonal 1 in 1 coordination scheme can 
shorten the truck turn-around time up to 5.22 minutes per-truck and can shorten the RTG fuel consumption up to 2 
liters per a service request. 
We realize that our early attempt in exploring coordination schemes for automated container terminals has many 
limitations. The large spread of the coordination schemes service performance (i.e. the truck turn-around time) 
elicits the need to do further fine tuning in order to produce a setting which can offer more consistent service. In 
addition the parameterization of the RTG fuel consumption is done using the data and an from a sample RTG 
catalogue, finer tuning concerning the real RTG fuel consumption has to be done in order to get more accurate 
results. Moreover, the truck’s arrival has been treated as random occurrences. Incorporating truck arrival prediction 
model to the container terminal’s operation[14], can improve the container terminal’s service mode from the 
reactive to the pro-active manner which will lead to significant service level and operation efficiency improvements. 
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